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Abstract
This case study was conducted to determine signal transfer challenges and limitations that researchers tend to experience while 
using a wireless Myon 320 sEMG system during a real on-road motorcycle riding experiment.  Eight muscle groups were 
evaluated bilaterally involving: upper trapezius (T), triceps brachii (TB), erector spinae (ES), latissimus dorsi (LD), extensor 
carpi radialis (ECR), sternocleidomastoid (S), gastrocnemius (G) and biceps formaris (BF) muscle groups.  One healthy male 
volunteer participated in this case study riding a 135cc motorcycle which was followed and monitored by a group of researchers
in a van.  Inconsistent signals were recorded and signal connections were lost a few times.  Inability of maintaining the same 
speed and distance between the motorcycle and the van due to road and traffic conditions were also dangerous for both 
parties.Suggestively, minimizing these inconsistencies shall give better sEMG data.  However, any procedures and experimental 
setup to minimize these inconsistencies should be observed carefully for the safety of all parties and other road users.
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1. Introduction
Electromyography (EMG) is a technique to evaluate muscle activities by detecting electrical potential
signalsgenerated by muscle cells.  It is widely used in the areas of medical research, rehabilitation, ergonomics and 
also sports science[1]. In performing this EMG, a device called an electromyograph is used to produce 
electromyogram readings that are analyzed to evaluate the muscles.  There are two types of EMG that can be 
performed either surface or needle EMG.  Both techniques require different type of electrodes to be used either skin 
adhesion electrodes for surface EMG (sEMG) or using fine needle electrodes that are inserted into the muscles for 
needle EMG. The advancement of EMG technologies managed to provide researchers with various new systems 
and supporting equipment.  Amongst other is the wireless transmission technology that is embedded into the EMG 
system that changed wired EMG system to advance wireless EMG system.  This gave a big impact to the EMG 
research community, thus, giving bigger opportunities for them to run field experiments that require high freedom of 
movements.
Nomenclature
BMI body mass index
cc centimetre cubic
METAL Motorcycle Engineering Technology Lab
USB universal serial bus
The main purpose of this study was to determine and identify the challenges, limitations and experimental setup 
of wireless EMG system signal transfer between two different moving vehicles on real roads in an effort to record
motorcyclist’s muscle activities during riding.  This paper discusses the potential use of wireless Myon 320 surface 
electromyography (sEMG) system during a motorcycle road experiment.
Motivations upon carrying out this case studycame from several numbers of studies that claimed executing real 
on-road data collection experiments involving moving vehicles is very dangerous and challenging compared to 
doing it in an indoor simulator facility[2-4].  Despite of many other vehicles simulator facilities that have been built 
for this purpose, the bibliography of motorcycle simulators is quite lacking.  Furthermore, there has been an increase 
attention towards studying motorcyclist muscle activitiesrelating to muscle fatigue which was reported to cause 
some major motorcycle accidents[5-7].  In doing so, EMG are widely used to evaluate motorcyclist muscle 
activities,henceforth require better understanding of the challenges and limitations of carrying out experiments on 
real roads.
Prior to this study, researchers at the METAL Lab, Faculty of Mechanical Engineering, UniversitiTeknologi 
MARA Malaysia have alreadybeen focusing on researches related to motorcycle ergonomics niche area.  The 
researches rooted from the trend of motorcycle accidents that keep on increasing every yearand putting Malaysia 
ashaving the highest road fatality risk (deaths per 100,000 populations) among other ASEAN countries with more 
than 50% involving motorcyclists[8-10].  Apart from that, Asian countries hit the highest top rank average number 
of motorcycle ownership ratio in the population leading with seven times the average of the rest of the world[9, 11].  
This reflects how crucial motorcycle research should be carried out and studied in a way to help reduce the fatalities 
statistics.
Amongst the effort initiated at this lab was developing a patented motorcycle simulator; the 
PosturaMotergoTM[12].  Initial pilot tests have been done to evaluate motorcyclist muscle activities during riding the 
motorcycle simulator using both wired and wireless sEMG systems availableat the lab.  Although the wireless 
sEMG systems provides better freedom of movement for participants during the pilot tests compared to the wired 
sEMGsystems, but yet the experiment is still in a controlled environment that can always be stopped in a case of any 
emergencies.  sEMG signals being transferred from electrode transmitter to the receiver and all the way to the laptop 
were also very convenient and smooth during the pilot tests.
Therefore, by taking the wireless sEMG system onto real on-road motorcycle riding experiment, challenges and 
limitationsthat researchers shallexperience could be identified and determined. This information shall support the 
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claims being made in previous studies regarding the risk of doing real on-road experiments involving EMG systems 
in moving vehicles.  Researchers that tend to do such on-road experiments could also refer to this study to take 
necessary safety precautions for all parties including the motorcyclist, researchersand other road users.
2. Materials and methods
2.1. Participant
A healthy male motorcyclist volunteered to participate in this study.  The participant chosen for this study was 
required to be healthy and at least holds a valid B2 Malaysian motorcycle license with a minimum of one year 
motorcycle riding experience.  The chosen participant’s age was 24 years and has a normal body weight (BMI 21.1) 
with no history of motorcycle accident injuries in the past six month. The participant was required to wear 
appropriate clothing for the road experiment as safety precautions that consist of an open-face helmet, riding jacket, 
jeans and covered shoes.
2.2. sEMG system
Throughout the sEMG data recording in this study, a wireless Myon 320 sEMG system (Fig. 1) by Myon AG was 
extensively used.Myon AG is a Switzerland based company with more than 10 years of experience in EMG and 
wireless transmission technology.Capable to transmit a maximum of 16 parallel channels of transmitter signals of up 
to a maximum range of 30 meters, this system also provides the shortest constant latency time between transmitter 
and receiver amongst other sEMG systems – 16ms, thus offers better real-time applications.The wireless lightweight 
and ergonomically designed transmitter allows better placement on the human body and filters out most of the 
artifact noise (electrical interference) being recorded. A single transmitter only requires two electrodes to be 
attached to the transmitter end wires without the need of a third reference electrode.  
It can also transmit up to 10 hours of continuous use between each recharge using a provided charging cradle 
with only 90 minutes of charging time.  Otherwise, a 5 minute charge shall give enough time for an hour of 
continuous use.  Both charging cradle and receiver are powered by a normal 3-pin socket plug.
2.3. Equipment setup and route
A 135cc Yamaha LC motorcycle was used in this study rode by the participant whereas an 11-seater Toyota 
Hiace van was used to transport the research team along with other equipment during the experiment.  The 
participant’s helmet was attached with a vehicle-to-vehicle intercom kit (Brand: BT Headset) to allow the research 
team in the van to communicate with the participant throughout the experiment.  An approximate distance of 3-5
meters between the motorcycle and van was maintained and periodically observed by one of the researcher in the 
van.  Meanwhile, a cruising speed of 80-100 km/hour of both vehicles were maintained and synchronized between 
the participant and van’s driver via thevehicle-to-vehicle intercom kit.  
Fig. 1.Myon 320 surface electromyography (sEMG) system.
Laptop installed with 
proEMG 2.0
Charging cradles 
with 16 transmitters
Receiver
Analog-to-Digital 
converter
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The sEMG system (charging cradles, receiver and laptop) were plugged into a multi-socket wire extension that 
was connected to a DC-AC power inverter (Brand: Belkin) before being powered up using the van’s cigarette lighter 
port.  The receiver was connected to an analog-to-digital converter (Brand: National Instrument) and linked to a 
laptop via a USB cable.  It is placed on the left side of the van near to the participant’s position.  The laptop was pre-
installed with ProphysicsproEMG 2.0 software that enables the signals being transferred to be recorded into the 
laptop for further analysis after the experiment. All data were recorded and monitored in real-time during the 
experiment and saved directly into the laptop’s storage.  The experimental setups are shown in Fig. 2.
The route used by both vehicles in this study starts at the Bukit Jelutong Toll Plaza (E35) along Guthrie Corridor 
Expressway (GCE) and span to the Kuala Lumpur – Kuala Selangor Expressway (LATAR) (E25) before exiting 
E2503 to PuncakAlam roads passing PuncakPerdana roads via JalanBatuArang and heading back to the GCE main 
roads just before the Bukit Jelutong Toll Plaza (E35).  The total distance covered for this experiment was 50.5km 
involving 27.5km of highway route and 23km of normal roads.  Road conditions along the highways were rather 
straight and almost flattened with very low traffic density all the way before entering PuncakAlam’s roads that has 
bumpier and uneven road surfaces with high traffic density.
The total researchers in the van was eight people involving the driver that communicated with the participant via 
the vehicle-to-vehicle intercom kit in maintaining speed and distance, a co-driver monitoring the equipments’ power 
supply via van’s lighter port and video camera installed on the van’s dashboard, three researchers from the industry 
(Summit Features Sdn. Bhd.) sitting in the first row behind the driver that monitored the signals being transferred 
and the sEMG data recording, and another three researchers sitting at the back row of the van documenting the 
whole experiment.
Fig. 2. (a) Participant (on the motorcycle)and researchers (in the van); (b) sEMG setup in the van.
Fig. 3.Electrodes and transmitters placement on participant’s: (a) upper body; (b) lower body.
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2.4. sEMG analysis
Specific muscle groups were chosen for this experiment based on preliminary studies and literatures [13, 14].  
Pilot sEMG experiments supported by questionnaire surveys concerning riding discomfort that were previously 
done by the researchers managed to list down the relevant muscle groups involved.  However a maximum of eight 
bilateral muscle groups were chosen for this experiment due to the maximum sEMG electrode channels available.  
The muscle groups being evaluated during the experiment were: upper trapezius (T), triceps brachii (TB), erector 
spinae (ES), latissimus dorsi (LD), extensor carpi radialis (ECR), sternocleidomastoid (S), gastrocnemius (G) and 
biceps formaris (BF) muscle groups.
Areas to attach the electrodes on the participant’s skin were shaved and cleaned with alcohol swab in order to get 
a good electrode-skin contact that allows a better sEMG recording and minimizes artifact noises [1, 15].  
SKINTACT® CT-601 type of electrodes (Ag/AgCl differential electrode) were used providing medical grade 
adhesive with AQUA-TAC gel that is not only conductive, but also the adhesive can be removed without residue.  
Only two electrodes are required to be attached to a single Myon transmitter and therefore a total number of 32 
electrodes were attached on the participant’s body based on the chosen muscle groups.  Every transmitter was 
secured on the participant’s body using Velcro strapping and masking tape as shown in Fig. 3.
Sampling rate of the sEMG signal recording was set at 2000Hz using 20-450 Hz band pass filter.  Power 
frequency spectrums of the raw data were first identified using Fast Fourier Transform (FFT) analysis pipeline in 
proEMG 2.0 to observe the characteristic of the artifact noises.  Butterworth Low-Pass (450 Hz) and High-Pass (20 
Hz) filter were used before setting a notch filter at 200Hz with a steepness of 0.99.  Root mean square (RMS) values 
of the filtered raw data were calculated to be used in subsequent analysis. All procedures used in this studywere
approved by the Research Ethics Committee of the Research Management Institute (RMI), UniversitiTeknologi 
MARAMalaysia (600-RMI (5/1/6)).
3. Results
Two trials of this experiment were done to record the sEMG data using the same participant, experimental setup 
and route.  The first trial took 53 minutes to complete whereas the second trial took 41 minutes.  In the first trial, the 
sEMG data were recorded continuously into one individual file without any stop from start to end eventhough signal 
connections were lost for a few times.  Meanwhile in the second trial, the recording of the sEMG data were paused 
and saved into four inividual files involving three consecutive stops during the experiment and a final stop at the end 
of sEMG data recording.  Both trials showed lost of signal connections for a few muscle group electrodes even 
though distance between the motorcycle and the van was in the range of signal transmission.  However, only in the 
second trial this problem was rectified and new electrodes were attached to the transmitter that displayed no signal 
connection.
Fig. 4. Left and right gastrocnemius (G) muscle group sEMG signals.
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Fig. 5.Power frequency spectrum of left and right gastrocnemius (G) muscle group.
From the real-time monitoring of the sEMG data recording, it was observed that signals being transmitted from 
the left side body regions of the participant was very inconsistent with frequent lost of signals connection compared 
to the right side body regions.  Fig. 4 shows an example comparison of the signal being transmitted between the left 
and right gastrocnemius (G) muscle group taken 15 minutes after the sEMG data recording started in the second 
trial.  
A notch filter at 200Hz was used in filtering out artifact noise for all sEMG data recorded in this study.  This is 
due to the present of a high amplitude artifact noise signal being detected in the sEMG data for all muscle groups.  
The signal was clearly shown in the power frequency spectrum of the sEMGraw data after being analyzed using
FFT.  This artifact noise was detected to be constantly present throughout the experiment from start to the end.  Fig. 
5 shows the power frequency spectrum of left and right gastrocnemius (G) muscle group taken 15 minutes after the 
sEMG data recording started in the second trial and have the highest value compared to other muscle groups.
4. Discussion
In determining the signal transfer challenges and limitations using a wireless Myon 320 sEMG system during a 
real on-road motorcycle riding experiment, other technical constraints were also managed to be identified.  Safety 
issues were the biggest concern during the experiment whereby it was observed that the participant motorcyclist 
must continuoslycommunicate with the van’s driver to enable both vehicles tomaintain the same speed and distance 
between each other.  However with the presence of other vehicles on the roads during the experiment, it became 
dangerous for both parties. The motorcycle maintained riding along the left side of the road whereby the van 
followed slightly 3-5 meters behind the motorcycle on its right corner as shown in Fig. 2 (a). Window of the co-
driver’s door was left open throughout the experiment.
sEMG signals were inconsistent and connections were lost especially from transmitters of left side body regions 
that were mainly caused by the position between the participant on the motorcycle and location of the receiver in the 
van.  Because of the participant was riding the motorcycle on the front left corner of the van and not in front 
(middle) or front right corner of the van, transmitters attached on participant’s right side body regions tend to be 
more closer to the receiver compared to the transmitter on the left side. Although the sEMG system specifies that 
the transmission range can reach up toa distance of 30 meters, the sEMG signalsconnection were lost when the 
participant rode a bit far from the van.  In an attempt to test and ride in front (middle) of the van that caused the 
gapbetween the motorcycle and van to be maintained at 7-10 meters apart for safety purpose, the sEMG signal 
connections were also lost. This is maybe due to the vehicular Faraday effect that caused the transmission range to 
be limited as quoted by LasseRoren, Software Manager of Myon AG that built the proEMG 2.0 software. This 
limitation opens a new opportunity for further research on the transmission range of sEMG systems between two 
moving vehicles.
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However, using other wireless sEMG systems that provide a data logger to record the signals in such experiment 
is also applicable.  It can be carried by the participant without having the need of a receiver to follow and record the 
data in another vehicle.  But real-time monitoring of the signalsare not possible using such data logger whereby in 
recording sEMG signals in a motorcycle riding experiment, the signals must be monitored continuosly.  This is
because, researchers can observe and detect any inconsistencies or lost of signals connection throughout the 
experiment that is possibly caused by a detached electrode due to sweat on the skin or even other transmitter 
problems. This was why the researchers in the van stopped during the sEMG data recording because a few 
electrodes were found detached and then changed to new electrodes.  If this was not monitored and remedied in real-
time, researchers and participant need to repeat the whole trialthat shall incur more cost and time.
Despite having these inconsistencies and facing several limitations during the experiment, the participant’s 
muscle activities being recorded via the sEMG system does reflects the demanding task that motorcyclists need to 
cope during riding [16, 17].  This can be seen on certain muscle groups that perform different task when compared 
to the opposite side of the body regions muscle groups.  The participant’s left extensor carpi radialis (ECR) muscle 
group RMS values were much higher compared to the right ECR muscle group.  This is because the motorcycle’s 
left handlebar grip is fixed compared to the right throttle that can be twisted.  This gives some allowances to the 
participant’s right hand to absorb shocks and vibrations during the ride to allow a better control on the motorcycle 
steering.  
RMS values for the left biceps formaris (BF) and gastrocnemius (G) muscle groups were also higher compared to 
the right side muscle groups.  This is due to the demanding task of the participant’s left foot that frequently changes 
the motorcycle gear to accelerate or decelerate during the ride.  The differences are more notable when the 
participant starts to enter the normal roads where changing gears were much frequent due to road conditions and 
heavy traffic.  As shown in Fig. 6, both left and right erector spinae (ES) muscle group has the highest maximum 
RMS value due to the riding posture that the participant performed and affects the muscle activities characteristics 
[14].
RMS values for the left biceps formaris (BF) and gastrocnemius (G) muscle groups were also higher compared to 
the right side muscle groups.  This is due to the demanding task of the participant’s left foot that frequently changes 
the motorcycle gear to accelerate or decelerate during the ride.  The differences are more notable when the 
participant starts to enter the normal roads where changing gears were much frequent due to road conditions and 
heavy traffic.  However, the right sternocleidomastoid (S) muscle group that showed an obvious difference of RMS 
value compared to the left side was caused by the participant performing several rapid head twist to the left to give 
some relaxation to his neck that started to feel discomfort.
Fig. 6.Maximum RMS values.
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5. Conclusion
Performing wireless sEMGexperiment during real on-road motorcycle riding tend to cause inconsistent data to be 
recorded due to positioning issues between the motorcycle and the van(side by side positioning).  By positioning the 
motorcycle in front of the van in series may minimize these inconsistencies but creates a dangerous maneuver for 
both parties.Meanwhile, real-time monitoring of the sEMGsignals transmitted should be practiced throughout the 
trial to detect any abnormalities, so that on-site remedies can be taken to sustain the data being recorded.However, 
the sEMG data recorded in this studydoes reflect the muscle activities characteristics of a motorcyclist during riding 
a motorcycle in spite of the inconsistencies.  As a conclusion, this study provides an insight of what to expect during 
performing wireless sEMG experiments on real roads involving two moving vehicles.  Finally, any procedures and 
experimental setups involved in such on-road experiment should be observed carefully for the safety of all parties 
and road users. 
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